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Starting Amount | Ending Amount Percent
Enzyme Compartment . i
I NTRODucTI 0“ The 1mplementat10n of FQPA requires EPA to consider the . in pmoles in pmoles Change
able 4 gives the results after 12 days of exposure.
combined or aggregate effects of pesticide exposure from food, REsu L I s Signific o enzyme inhibition A i AChE Blood 440.0 430.0 -2.7%
drinking water, and other non-occupational uses (1.). .To evaluate the risks from inhalation, dletaljy, and R e ror Percuianen Tl T — Mass Balance for Inhalation. Brain 5670.0 5530.0 -2 47%
ti bal tion for simulati 1 absorpti f . .
dermal exposure a PBPK mpdel was developed within thc? ERDEM framewqu (2,3).. Conservatlv.e alézzzlidl;)rrlerizii balence cquaigp gy AR e dermal absorption o F T I Metabolic Fate o f Iso fen D hos, Parathion BChE Blood 1920.0 1869 .06 2 7%
assumptions underlying residential exposure and cumulative risk were examined as inputs for particular . 2 ' Ca; = (QP*C; + QC*CV) /(QC + (QP/PB)) d Chl . . 10 ko child Brai 1905.0 1840.0 3.4%
X . . . . . . . k W ® Ak ~ rain . . -9.4 /0
exposure scenarios using residential dermal transfer coefficients, ambient air concentrations and dietary iAsufff/ dltnteg ( dﬁ ((;/Sclli/ Poa/g)k “Csurf) - KaAsurf , mmol h-! Amount of Pesticide Inhaled an orpyr lf osin a 8§ cni Concentrations Of Parent and Oxons
. . . 5 5 o o7 o sur sur _ 5 o A . ° ° ° H - (0]
intake (4,5). Physiological, pharmacokinetic and pharmacodynamic parameters describing the fate of Courf = Asurf/Visk, mmol cm-3 iAI = ?f i ((EAI-(()?%)) Titlbll?lZ gives the fate of absorbed doses (mmoles and pg/kg) of isofenphos, parathion in Liver and Brain Resultmg f rom Expos ure LUvEl 2880.0 2470.0 14.2%
. 1 . . . c _ . Lu — INteg (kkag, Y. and chlorpyrifos. .
parathion, isofenphos and chlorpyrifos in animal systems were scaled to establish the model structure for gzk /ﬁ;sk/%/slikmm;)l e 31 o Cru=Auo/Vin "4 .. .. CaE Brain 82500.0 80900.0 -1.9%
. g . . . 0 air/dt = Ka™ Agurf, mmol h- - Dose in mmoles | % of Dose % of Dose | Urinary Metabolites =2 = e1 2
Cr=C,/P ry - - - - .
human exposure. Adjustments were made for differences in metabolism and physiology between children o A= Cu/Pru Pesticide | Route and uglkg | in Tissues | Metabolized o e Liver 159200.0 150800.0 -5.3%
and adults. One age-group was evaluated (children 1-3 yrs of age, 10 kg) reflecting children in contact with Amount of Pesticide Exhaled lsofenphos | oral Y - T A e
. . . . . . . . . . Ky = skin permeability constant, cm h-! Rax = QP*C o i ' " £a 90 - -
p P ; AX X 7.5% in fat DNIA, 53.2%
the treated surfaf:es, ingesting residues on handg anFl in fopd, and inhaling residues in the air. .Blmolecular A= Area of treated or exposed skin, cm? Ax = Integ(Roy, 0.0) ° OHLHA 21.9% o | o A A /1
rate constants, ki (pM-! hr-1) were used to describe inhibition of the "B"-esterases (acetylcholin-, Pa/sk = air/skin partition coefficient Cx = Cai/Pg; SA, 3.2% =illi= TET [ \ (
. . . . B . . = 1 0, \
butyrylcholin- and carboxyl-) by toxic oxons. Michaelis-Menten kinetics were used to describe the S SRR ey where: S, 3.1% E | E S \ \ P
: ) . . : ; . . Dermal 1.19E-3 = 1% bt N v
activation of parathion, chlorpyrifos and isofenphos to their corresponding oxons followed by hydrolysis of =G o SRR . e in Inhaled aiTREaT BT -1 5. %‘é Z, |z, \
parent chemicals and oxons to yield biomarkers of metabolism. Rates for enzyme synthesis, reactivation Mass Balance for Gastrointestinal Absorption. Cx = Concentration of Pesticide in Exhale air, mmol L 69.3 pglkg B | o'y o | o™ ]
. . . 5 . N « i : . R = Rate Pesticide is inhaled, mmol hr-! total dose = = = 3
and aging were used in blood, liver and brain to account for depletion and replacement of the enzymes. dAsr/dt = -Kas*Agr, Change in the amount in stomach, mmol h- A = Amount of Pesticide Inhaled. mmol : A~ \ z |z
Agr = Integ (Rgr, ODOSE), Amount in stomach, mmol o SO : i . Parathion Oral 5.16E-4 11.5; 88.5 PNP, 1.0% | e~ < 1< A\ Va An ERDEM PBPK/PD model was found capable of
=i Sl . g C A= Concentration in arteriole blood leaving the lung, mmol L-! 0.69% in fat PNPS. 80% > > \ \ o o / \ / . ) e
R =Kas*Agr, Rate of absorption, mmol hr-! _ S [ OIe » O 70 I I A, s My handling multiple inputs (aggregate OP exposures) and
Rax = Rate Pesticide is exhaled, mmol hr-! 15.0 pg/kg PNPG, 7.5% = = e e N \ 1o their effect - vkt
e S \J \ I{ Zzzees:;;lg eir effects on target enzymes (cumulative
“ E I H o Ds e oniconstan gy Mass Balance for OP pesticides in Blood. Mass S 50054 By o Coe % i N \\ The individual exposure levels (0.069, 0.015 and 0.092
. 4.07% in fat | 63% exhaled TCPG, 31.2% . > U .
Fn = el SRR OO balance equations were written for venous and arteriole Inhalati 1 37E-3 &4 5 &4 & * mg/kg-day for isofenphos, parathion and chlorpyrifos)
) . o B ‘ blood involving the absorption of OP pesticides from the nhatation o N T 6 12 18 24 30 36 b T 6 12 18 24 30 36 were above or slightly below the chronic NOEL
PBPK/PD Model, ERDEM. Figure 1 gives the flow chart for the ERDEM framework (2). Figure 4-. Metabolic Pathway fQT parathion i the rat. (1) Cthfp}’flfOS stomach, skin and lungs, transfer to tissues, metabolism of Dermal 1.17E-3 TIME Hours TIME Hours exposure levels of 0.03 mg/kg-day for chlorpyrifos,
Inputs to chlorpyrifos-oxon, (2) chlorpyrifos to O‘,O-dlethyl phosphorothioate parent OP in the liver, metabolism of oxons in liver and Isofenphos, oral and dermal exposure. Figures 5 and 6 give the concentrations of isofenphos and des N-isofenphos oxon and 0.05 mg/kg-day for isofenphos and parathion. The
Solus Doss)__ KSTIN KINFEC The metabolic pathways (Figures 2, 3, and 4 for parathion, isofenphos aildgg;y, (3) ﬁllorpyr(llfOSS-(?(gg to O,lo-dleth}’cll phosphate and TCPy, blood and ighibition of one or more "B" esterases (AChE ?gfgl *é%/:g in 10-5 to 10-7 mmols/L of liver and brain in a 10 kg child resglting from dermal exposure to 0.5 ug/cm2 (4325 cm?) for 2 h starting aggregate exposure level (0.2 mg/kg-day) was above the
Ingestions J™™% ... »|ST  Stomach |-->|IN  intestine |- and chlorpyrifos) are presented in Figures 2, 3, and 4 respectively. (4) TCPy to sulfate, and (5) TCPy to glucuronide. and BChE) in blood by oxons. at 10:00 and going to 15:00 hr; and oral exposure to these residues on 94 cm2 of skin. The des N-isopropyl isofenphos oxon individual cholinesterase NOEL levels of isofenphos,
i J Elimination Chlorpyrifos 0,0-Diethyl phosphorothioate 3,5,6-trichloropyridinol Mass Balance for OP pesticides in Liver. Mass IFA = isofenphos acid PNP = p-nitrophenol conqeptration (peak) in brain (2.0E-7 .mmoles) was less than the peak concentration in liver. The wide peak width resulted from parathion and chlorpyrifos.
|ngeSti0nS KsT,pB KIN,PB EthyISParathion 0,0,-Diethyl phosph;rothioate p-nitrophenol CHyCH,0, § Ne— @ CH,CH,0 ” Ne— balincz equ]?tiorll)s ::l;ve?e :}Vlrlttten forl:hekl‘iver \g/llth OP gg{ﬁ; S?_}I:;éizf;;ﬁg;iiilcalﬁld gﬁgéz%-ﬂf;%%};leei}; Sgulllszlionlde receiving an oral and dermal dose of ISOfenphOS' . I];IO Sl%nlﬁcan;tlnglbltl(;)l'llgv(?s ObSFrved in blo(;d ang t
SP Spleen 0.00}+1%--]» Spleen Metabolites CHYCH,0, ) CH,CH,0_ | PO L ——> SP-OH + HO-(  )-CL pesticides absorbed via the stomach, skin and lungs B — o e 10l brain tissue after 3 and 12 days of exposure. Significan
0.00 > \p_o@Noz—> ) 2 OH + HO NO, CH;CH,0” CH;CH0 metabolizing to the ith metabolite, loss of metabolites . : ot " pyridino ) inhibition was observed with liver enzymes.
QBsp * CH;CH,0” ¢ CHyCH,0™ Cl Cl (oxons) due to inhibition of one or more "B" esterases, and _RlRL ISR C1Or0 e DY EE R =5 = ©71 @9 Th levels selected i thi . b
Intraperitoneal s » e (M @) losses due to binding and elimination. . (S equsure evels ge ected 1n this exer01§e were above
Injection ; ortal Bloo Ethyl Parathion 0,0,-Diethyl phosphate p-nitrophenol CL CL . — those estimated by Rigas et al. from the Minnesota
+ 0 (3) CHCH,0._ CHiCH,0_ | = () CHCHO._ o = Mass Balance for OP pesticides in Brain. Mass Cholinesterase Inhibition. Table 3 gives the predicted inhibition of AChE, BChE and CaE in i d Study (6).
________ > Liver Metabolites CH,CHO0- 4 o @NOZ_> >P—0H + HO NO, >P—O \ (L —> ~ P-OH + HO \ CL balance equations were written for the brain involving the blood, brain and liver of children after 3 days (72 hr) of repeated exposure to the aggregate residues Y L P P
—> LV Liver . ... .. S Liver Enzyme Inhibited CHyCH0 CH;CH,O CH;CH,0 4 CH;CH, W metabolism of circulating oxons, and phosphorylation of (Table 1) of parathion, isofenphos and chlorpyrifos. < =gl = BBt
QB : : ! - AChE, CaE and BChE by oxons. S £ < £
Chlorpyrifos-oxon 0,0-Diethyl phosphate 3,5,6-trichloropyridinol Pesticide Amount of Amount of Amount of £ € £ E
CR Carcass ---f\-->Carcass Metabolites L p-nitrophenyl sulfate Mass Balance for "B" esterases in Blood, Liver Inhibited AChE | Inhibited BChE Inhibited CaE ~ § S ‘:,‘2* I\
QBcr —> HO NO; (5 on A " CL and Brain. Mass balance equations were written for the Initial Amount of Enzyme | Venous Blood | 4.4E-7 mmoles | 1.92E-6 mmoles 25 ‘3’ P \ \\ ] = 5 g N \ \ \ \
——7pritrophanyl glucini N= 4 inhibition of "B" esterases in blood (AChE and BChE), i - =15 =122
. ---f\-->Kidney Metabolites . . .. . HO CLL L» 3,5,6-trichloropyridinol sulfate . ° erase§ frgbiood ( iy ), liver Brain 5.7E-6 mmoles | 1.91E-6 mmoles | 8.25E-6 mmoles 2 o \ \_} 8 ol \ \
> KD  Kidney Figure 2. Metabolic pathway for parathion in the rat. (1) parathion \  / (BChE and CaE) and brain (AChE, BChE and CaE). Liver 2 88E-6 mmoles | 1.59E4 mmoles I — el - — |
QBro—7—____ i to paraoxon, (2) parathion to O,0-diethyl phosphorothioate and cl Equations involving degradation and aging of : : § | ) 5 |z
- Fat L] Eliningion p-nitrophenol, (3) paraoxon to O,0-diethyl phosphate and p- i phosphorylated enzymes and resynthesis of new enzymes Isofenphos Venous Blood 0.014% 0.19% . = T &, < ~J \\ S
a : nitrophenol, (4) p-nitrophenol to p-nitrophenyl sulfate and (5) p- N= 5 were included. Brain 0.28% 0.37% 2.78% 217 ° SRS ~ Mileson, B.E., Chambers, J.E., Chen, W.L., Dettbarn, W.,
! i el 20 oltes nitrophenol to p-nitrophenyl glucuronide. HO \ / CL L 3,5,6-trichloropyridinol glucuronide oo ! : 0 0 Ehrich, M., Eldefrawi, A.T., Gaylor, D.W., Hamerick K.
Intramuscular A Inhibition of Tissue AChE, ChE, and CaE by Liver 0.18% 1.35% n HodgsZ)n l:: Karczm;r A é} et al \ Coml’non Mechanis’ms
""""" [P Sk Slowly Perfused [ Slowly Perfused < Toxic Oxons. In the isofenphos, parathion and Parathion Venous Blood 0.79% 1.0% J | i, £ ,A.G,, etal, ar
QBs. -==f\ - SlOWlY : ) I . of Toxicity: A Case Study of Organophosphous Pesticides.
Tissue Metabolites chlorpyrifos PBPK/PD models, "B"-esterases [blood AChE and BChE, brain Brain 2 1% 2 9% 0.71% 2. g o o Toxicol Sci, 41:8-20 (1998)
_ AChE, BChE and CaE, and liver CaE and BChE] were inhibited by des N- : 3 -6 12 18 24 30 36 i " ’
>R _ s, Rapidly Perfused @ : L isofenph DNIO d chlorpyrif Th Liver 8.81% 2.30% 4 |- L > — 36
QBre ---f\.--)TiggLeyM eetaggﬁtes B ol g / Isofenphos Isofenphos oxon Des N-isopropyl Isofenphos oxon isopropyl isofenphos oxon ( ), paraoxon an chlorpyrifos-oxon. The o . y — 357 37 TIME Hours TIME Hours Blancato, J.N., Knaak, J.B., ‘Power, F. and Dary, C.C., Use
Skin Surface e o blrlnoleiuleizrea(i‘iulc{)n cm;{stants }(lki) v;/(er_e Ic(a}iuleiied 11F}It1he mOdil 111s1ng lltere?ure L AL enous. ©0 i Sl Parathion, oral exposure. Figures 7 and 8 give the concentrations of parathion and paraoxon in 10-8 to 10-7 mmols/L of of PBPK Models for Assessing Absorbed Dose and ChE
Water - DR Derma > () <2 (CH),CHN (1) (CH3)2CHNH\|? 3) NH,_| valuch TOTES N - (o i ol D e g © mass balance cquation Brain 0.31% 0.41% 0.10% liver and brain in a 10 kg child resulting from the administration of 1.67 pg/kg of bw, three times a day (7:00, 12:00 and 17:00 hr). Inh1b1t10n from Aggregate Exposure qf.lnfants and
QBboR —0 H>P - P—O Y P—O for the inhibition of blood AChE by either DNIO, paraoxon or chlorpyrifos- . 5 5 P Ay 1/10 of th s : et it T Children to Organophosphorus Insecticides. Abstract 3F-
_,-> — 2 s o .o . N Liver 3.4% 0.87% araoxon 1n the brain was of the peak concentration predicted 1n liver. . ;
L . N CH;CH,0 CH;CH,0 CH;CH,O oxon and recovery of AChE activity is given below: [ 09, 10th Annual Conference of the International Society of
L >1BR  Brain [~""‘]*-~2Brain Enzyme Inhibited COOC(CHy), COOC(CH), COOC(CH3), COOC(CH;), - Exposure Analysis, October 24-27, 2000, Asilomar
ST — QBsr -==4]\-->>Brain Metabolites l Vi * dAsches/dt = (Kiacnes * Cacnes * Cpnios) - (Kraches * Aiaches), mmol h-l Conference Center, Monterey, CA
| } - (13) (12) (15) 16) | | § % ’ » LA
Injecti : 1 1 l( : _ d
njections »{VB Venous |<€— S o LS S = S S Knaak, J.B., Dary, C.C., Patterson, G.T. and Blancato, J.N.,
4 . {Open Chamber] Sl (CH3)2CHNI;>|lL A (CHs)zCHNH\ﬁ;_ 5 NHz\'}l, . Vg = Volume of blood, L Use of PBPK/PD models and foliar transfer coefficients in
: Inhalation 3 - - AT A = Inhibited AChE. mmol . e assessing reentry into pesticide treated citrus and turf. -
' (@) Ch b CH;CH CH,;CH,O CH~CH,O iAChEB 5 " " - - X )
QA Y ST cdoon 3 doon o ¢ooH T doon Kiacnes = AChE bimolecular inhibition rate constant, (mmol L-1)-1 h-! o4 © o1 o /-\ / \ Abstract #510, 39th Annual Meeting of the Society of i
_ AN ____ W >cc Closed DNIA IFA I0A DNIOA ) Caches = Concentration of Free AChE in blood, mmol L-! - = - - ( \ ! Toxicology, Philadelphia, PA, March 19-23, 2000. g
T e —— Chamber Inhalation (10) ) Cpnios = Concentration of DNIO/paraoxon/chlorpyrifos in the blood, mmol L-! B | £ _ - E |E Berteau, P.E., Knaak, J.B., Mengle, D.C. and Schreider :
T = 4 ; . ) . PE, .1B., ,D.C. , rg
QB ¢ ---> kﬂuqubomes ) . O { o Kraches = Rate of reactivation of inhibited AChE (h-1) — 212 4 \\ \ 52152 \\ \ 4 J.B., Insecticide Absorption from Indoor Surfaces. In. :
[ o 7 [ 0 7 i i 4 S 3 > ® Biological Monitoring for Pesticide Exposure. ACS
R NH2>'I|>_ (CH3)2CHNH\'I|,_OH NH, \'II)_OH HO;'IL—o Exposure Inputs to ERDEM. Table 1 lists the Pesticide Ex-?os:re 2£eg'sf:ﬁz ?:nlff t";réggré:ns C;T:r:er Start/Duration p 3, 2 . \ n o % T Symp%)sium Series 38gz. Wang, R.G. Frznklin CA.
eria CH;CH,0 CH;CH,0~~ CH;CH,0” CECH0 exposure inputs for children's dermal, oral, and inhalation yp P - P O o' g T~ s O o' . Honeycut, R.C. and Reinert JTC. . di ey Ame,rican’
(AP4) " ol + ar) + /(17) DAIO  COOC(CH;), zztg)ERDEM for isofenphos, parathion, and chlorpyrifos Isofenphos Dermal y g.jﬁ};%/ecn;\rea 1 488E-3 mm/L 4325 crm? lgggg E; E| =5 - = \ \ Z| =5 i = Chemical Society, Washington, D.C., 315-326 (1989).
DAIOA ,5). : i — | < =
HO ) 2 g . 1
| . ' _ ' . e HO ) ks ; Isofenphos Oral 0.5 pg/cm? 6.8E-4 mm/L 94 o 10:00/2 hr a0 5 1 ] HA % _ % Fenske, R.A., Kissel, J.C., Lu, C., Kalman, D.A., Simcox,
Figure 3. Combined metabolic pathway for Isofenphos in the rat, guinea pig and dog (3). dooc(city), cooc(cu,) dooc(Cit,) N P of Surface Area : 15:00/2 hr I | | ol 5 - N.J., Allen, E.H. and Keifer, M.C., Biologically based
(1) IF, isofenphos to IO, isofenphos oxon; (2) IF to DNI; des N-isopropyl isofenphos; : 1PS) ] L (IPS) 32 ] 1ps) o o CI}I{ %>P OH 07:00/0.5 hr i . - - pesticide dose estimates for children in an agricultural
(3) IO to DNIO, des N-isopropyl isofenphos oxon; (4) DNI to DNIO, (5) DNI to DAL, - S 7 i i N 1 J ; Parathion Oral 1.67 uglkg 1.147E-3 mm/L 10 kg 12:00/0.5 hr community. Environmental Health Perspectives, 108(6),
desaminoisofenphos, (6) DNIO to DAIO, des aminoisofenphos oxon; (7) 10 to AP1, HO!L on (AP3) Table 1. Exposure scenarios involved 1-3 year old children of volume 17:00/0.5 hr 1 T N 515-520 (2000).
O-ethylisopropylaminophosphate and IPS, isopropyl salicylate; P 0 (Y ) CH;CH,07” HO@ (10 kg) having a total body SiiFtace of 43,25 g 0.18 ua/em? 07:30/1.5 hr o- 2 - 9 = . ]
(8) DNIO to AP2, O-ethylaminophosphate and IPS; (9) DAIO to AP3, (APS) \ exposures occurred twice a day for duration of 1.5-2.0 hr, | Chiorpyrifos Dermal | . éuﬁgge Arog | 5-134E-4 mmiL 4325 cm? 13:00/2.0 hr 6.0 9.6 13.2 16.8 20.4 24.0 6.0 9.6 13.2 16.8 20.4 24.0 Rigas, M.L., O}(lno, M.S. and Quackenbogs, J.J., Use of a
: O-cthyl-phosphate and IPS; (10) DNI to AP4, O-cthylamino-thiophosphate and IPS; DAI | ooc(chy), oo O o cooc(CHy), oral exposures (residues in food) took place at breakfast, o TIME Hours TIME Hours pharmacokinetic model to assess chlorpyrifos exposure and
a1 (11) DAT to ARS8 @ attylifiophosphate dnd IPS; (12)F to IFA, carboxylic acillb R T " HO HO 0 F (IPS) i luqch and dlnner' for a'perlod of 0.5 hr, Whlle oral exposure to _ 07:00/0.5 hr Chlorpyrifos, oral, dermal and inhalation exposure. Figures 9 and 10 give the concentrations of chlorpyrifos and dosg in chﬂdren l?ased on urinary biomarker measurements.
(13) DNI to DNIA, carboxylic acid of DNI; (14) DAI to DAIA, carboxylic acid of DAI; S COOC(CH3) COOC(CH;z), COOH CONHCHCOOH isofenphos §k1n residues ogcurred during dermal exposure. Chlorpyrifos Oral 0.333 pg/kg 1.8997E-4 ppm 10kg 15 88; 82 :r in 10-8 to 10-5 mmols/L of liver and brain in a 10 kg child resulting from dermal (0.18 pg/cm2, 4325 cm2, 1.5- Toxicological Sciences (submitted Sept. 30, 2000).
(15) IO to IOA, carboxylic acid of IO; (16) DNIO to DNIOA, carboxylic acid of DNIO; 1101y o ] (IPS) 2 ] (Ps) (SA) (2-OH HA) Inhalation of chlorpyrifos (1.5-2.0 hr) occurred during LU0 r 2.0 hr), oral (0.333 pg/kg, 0.5 hr) and inhalation (0.15 ng/L of air, 1.5-2.0 hr) exposure at the times indicated in Table 1.
(17) DAIO to DAIOA, carboxylic acid of DAIO;  CH;CH,0-~ dermal exposures. Ex.posure.s were repeated (s1mu1aj[ed) ona | ~piorpvrifos | Inhalation 0.15 na/L. 1.0468E-4 pom N/A 07:30/1.5 hr ' Chlorpyrifos-oxon in brain was 1/300 of the peak concentration in liver. Here again, the wide peaks result from receiving dermal,
daily basis for 3 and 12 tive d it : 08E-4 pp / 13:00/2.0 h : :
(18) IPS to SA, 2-hydroxy salicylic acid; (19) SA to 2-OH-HA, 2-hydroxy hippuric acid. palo  COOH A S < COR U0 r oral and inhaled doses of chlorpyrifos.
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